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[57] ABSTRACT 

An engraving system and method is disclosed having mul 
tiple engraving heads Wherein the operation of each head is 
controllable so that a vertical screen and/or horizontal screen 

may be independently controlled, thereby facilitating 
enabling each engraving head to engrave in accordance With 
different screen rulings as may be selected by a user. The 
engraving system includes a signal generator for controlling 
the vertical screen by utilizing a plurality of vertical scalers 
Which use a cylinder factor signal corresponding to the 
rotational position of a cylinder rotatably mounted on the 
engraver, as Well as screen variables, such as a screen angle 
and a screen ruling, to generate independent vertical scaled 
or screen signals. These vertical scaled signals are used to 
independently energize the engraving heads to engrave 
patterns de?ning different vertical resolutions or vertical 
screens. This system and method also discloses a drive 
system for independently driving the engraving heads using 
the cylinder factor signal mentioned above and the screen 
variables Which Were input by the user to enable the engrav 
ing heads to engrave patterns having differing horizontal 
resolution or horizontal screens. Thus, the method and 
apparatus enable a user to simultaneously or independently 
change the vertical screen and horizontal screen and, 
consequently, the screen ruling for each pattern of engraved 
areas being engraved. 

74 Claims, 9 Drawing Sheets 
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SYSTEM AND METHOD FOR ENGRAVING A 
PLURALITY OF ENGRAVED AREAS 
DEFINING DIFFERENT SCREENS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to engravers and, more particularly, 
to an engraving system and method having the capability of 
engraving a plurality of engraved areas on at least one 
cylinder using a plurality of engraving heads Where the 
engraved areas de?ne differing screens. 

2. Description of the Related Art 
This invention relates to engraving of cylinders com 

monly used in the gravure printing process and speci?cally 
to engraving apparatus and methods of the general type 
disclosed, for example, in US. Pat. No’s. 4,357,633; 4,438, 
460; 4,450,486; 4,451,856; 4,500,929; 5,029,011; 5,293, 
426; 5,402,246; 5,416,597; 5,422,958; 5,424,845; 5,424, 
846; 5,438,422; 5,440,398; 5,454,306; 5,475,914; 5,491, 
559; 5,492,057; 5,493,939; 5,519,502; 5,555,473; 5,583, 
647; 5,617,217; 5,621,533; 5,652,659; 5,661,565; 5,663, 
802; 5,663,803; 5,671,064; 5,675,420. 

The basic principle of electromechanical engraving of the 
gravure cylinder involves rotating a copper plated cylinder 
or cylinders While actuating an electronically driven tool or 
stylus Which cuts or engraves vertical columns or lines into 
the copper surface. The engraved cylinder is normally used 
in a Web type printing press for printing paper, plastics, 
metallic ?lm material and the like. 

In the ?eld of gravure printing, the majority of printed 
images are screened halftone images. The screened image 
contains a geometric pattern of dots to represent different 
gradations of a continuous tone image. As With other forms 
of halftone gravure, the screen refers generally to the num 
ber of cells per square centimeter (i.e., Cell/cm2). When four 
geometric patterns or screened images, one for each pro 
cessed color, are superimposed upon each other in register 
they create a ?nal geometric pattern Which, When printed, 
results in a high-quality image. 

The siZe of any particular engraved area or cell vertically 
along the direction of cutting (i.e., a cell height) and the siZe 
horiZontally in the roW-to-roW direction (i.e., a cell Width) 
are each selected by a user in order to achieve the desired 
screen and screen angle. Alternatively, the user of a gravure 
engraver may directly specify both the screen angle and 
screen (and, hence, the cell parameters, such as Width and 
height) for each color being used in order to alter the screen 
rotation and population or density of engraved areas or 
screen ruling. 

By properly aligning the screens, a tight geometric con 
?guration and improved printing is achieved. If the screened 
separations are not rotated at the proper screen angle, a 
moiré pattern or plaid image effect occurs in the printed 
image. 

Typically, in a four color printing process, a minimum of 
four gravure cylinders, one for each color, are required. In 
order to facilitate eliminating undesired moire effects, each 
cylinder of a multi-color printing set Was engraved With 
either a different screen and/or different screen angle so that 
When the patterns overlap moiré effects Were reduced or 
eliminated altogether. 

The Helio-TWinTM engraving system offered by Linotype 
Hell of Germany, as Well as the engraving system model no. 
B722 offered by Ohio Electronic Engravers, Inc. of Dayton, 
Ohio, provided engraving systems for simultaneously 
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2 
engraving multiple cylinders. One draWback of these sys 
tems Was that the engraving heads used to engrave each 
cylinder Were mounted on a common carriage or leadscreW 
Which Was driven such that all engraving heads moved 
across its associated cylinder at the same rate of speed. 
Another draWback of the systems offered by Linotype 

Hell and Ohio Electronic Engravers is that the cylinders 
Were rotated at the same speed and the heads frequencies 
Were not independently controllably. This, in turn, made it 
dif?cult to simultaneously engrave multiple patterns having 
different vertical screen rulings. Thus, the vertical resolution 
de?ned by the vertical screen and the horiZontal resolution 
de?ned by the horiZontal screen for each engraving head 
Were not independently and selectively controllable. 
One approach to overcoming the problems With multiple 

head engraving systems Was to vary the frequency of each 
engraving head. Unfortunately, this only provided the ability 
to change the vertical resolution or vertical screen for a 
single head. For example, FIG. 9 illustrates tWo screen sets 
(A,B) and (CD) Which illustrate the type of screens 
engraved With prior art, multi-head engraving systems. In 
this illustration, screens A and B are engraved on a single 
engraver by varying the frequency of one of the heads on the 
engraver. Similarly, C and D are also engraved on a single 
engraver. Notice that the vertical heights VHA, VHB, VHC, 
VHD Were variable. HoWever, because the engraving heads 
Were driven at the same feed or sleW rate, the Width HWA 
associated With screen A Was the same as the Width HWB 

associated With screen B and vice versa. Likewise, the Width 
HWC associated With screen C Was the same as the Width 
HWD associated With the screen D. 

Unfortunately, the area or density of each engraved area 
represented by screens (A & B) or (C & D) must be different 
for each screen angle. The engraving heads Were not inde 
pendently controllable on multi-head engravers such that the 
screen could be kept constant, While the screen angle Was 
varied or vice versa. In addition, the multiple heads Were not 
independently controllable so that the areas or densities 
engraved by the heads Were constant While a screen angle 
de?ned by areas engraved by the ?rst head Were different 
from a screen angle de?ned by areas engraved by the second 
head. 
What is needed, therefore, is a system and method Which 

overcomes the problems of the prior art and Which gives the 
user the ability to selectively and independently engrave a 
plurality of engraved areas de?ning different screen rulings 
and/or Wherein the vertical resolution or vertical screen and 
horiZontal resolution or horiZontal screen vary betWeen the 
engraved patterns, despite the fact that the engraving heads 
are engraving one or more surfaces While the surfaces are 
rotating at the same speed. 

SUMMARY OF THE INVENTION 

It is, therefore, a primary object of this invention to 
provide a system and method Which Will facilitate engraving 
a plurality of engraved areas de?ning different screen rul 
ings. 

Another object of the invention is to provide a system and 
method for engraving a plurality of engraved areas Wherein 
the vertical screen and the horiZontal screen differs. 

Another object of the invention is to provide an engraving 
system and method for independently controlling tWo or 
more engraving heads by correlating the engraving signal 
for each engraving head to a cylinder factor, such as cylinder 
speed or cylinder position. 

Still another object of the invention is to provide a system 
and method for independently controlling the movement of 
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a plurality of engraving heads in order to alter a horizontal 
screen of tWo or more engraved areas. 

Still another object of the invention is to independently 
control the movement of a plurality of engraving heads so 
that the horiZontal screen engraved by the engraving heads 
may be different. 

Another object of the invention is to generate a cylinder 
factor, such as cylinder speed or cylinder position, for use in 
controlling movement of the engraving heads. 

In one aspect, this invention comprises an engraving head 
control system for independently controlling the operation 
of each a plurality of engraving heads on an engraver such 
that the engraving heads can engrave a plurality of patterns, 
respectively, of engraved areas de?ning different horiZontal 
Widths on at least one cylinder rotatably mounted on the 
engraver, the engraving head control system comprising a 
signal generator for generating a plurality of engraving head 
signals for energiZing the plurality of engraving heads to 
engrave the plurality of patterns in response to a cylinder 
factor corresponding to at least one cylinder. 

In another aspect, this invention comprises a method for 
simultaneously engraving a ?rst pattern de?ning a ?rst 
screen de?ning a ?rst screen Width using a ?rst engraving 
head and a second pattern de?ning a second screen de?ning 
a second screen Width using a second engraving head on at 
least one cylinder, Wherein the ?rst and second screen Widths 
are different, the method comprising the steps of rotatably 
driving at least one cylinder at a cylinder rate and indepen 
dently controlling the operation of the ?rst and second 
engraving heads in response to the cylinder rate in order to 
effect the simultaneous engraving of the ?rst and second 
patterns. 

Other objects and advantages of the invention Will be 
apparent from the folloWing description, the accompanying 
draWings, and the appended claims. 

BRIEF DESCRIPTION OF ACCOMPANYING 
DRAWINGS 

FIG. 1 is a perspective vieW of the engraving system for 
engraving a single cylinder in accordance With one embodi 
ment of the invention; 

FIG. 2 is a perspective vieW of an engraving system in 
accordance With another embodiment of the invention for 
engraving multiple cylinders; 

FIG. 3 illustrates a drive system for driving a ?rst engrav 
ing head and a second engraving head; 

FIG. 4 is a fragmentary sectional vieW illustrating the 
components of one the drive systems shoWn in FIG. 3; 

FIG. 5 is a schematic vieW shoWing details of an engrav 
ing head control system used in association With the embodi 
ment shoWn in FIG. 1; 

FIG. 6 is an illustration of another embodiment shoWing 
the engraving head control system used With multiple and 
separately driven leadscreWs; 

FIG. 7 is a fragmentary sectional vieW of a cylinder 
illustrating a ?rst engraved area de?ning a ?rst screen and a 
second engraved area de?ning a second screen; 

FIG. 8 is a timing diagram of the various signals gener 
ated in accordance With the invention; 

FIG. 9 illustrates prior art, overlapped screens A—B and 
C—D; 

FIG. 10 illustrates a plurality of screens engraved in 
accordance With the method and apparatus of the present 
invention; 
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4 
FIG. 11 is a sectional vieW of another drive system for 

providing horiZontal positioning and velocity control; and 
FIG. 12 is a fragmentary sectional vieW of the drive 

system shoWn in FIG. 11. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 illustrates an engraving system in accordance With 
one embodiment of the invention, hereinafter designated as 
engraving system 10. An object or advantage of this engrav 
ing system 10 is that it is capable of engraving a ?rst 
engraving pattern 12 (FIG. 7) de?ning a ?rst screen having 
a ?rst screen ruling and a second pattern 14 de?ning a 
second screen having a second screen ruling after the 
patterns of engraved areas 12 and 14 are engraved on a 
surface 16a of a cylinder 16 (FIG. 1). It should be appre 
ciated that the ?rst and second screen rulings are different. 

As illustrated in FIG. 1, the engraving system 10 com 
prises an engraving bed 11 for supporting the cylinder 16 
and a computer 18 Which controls the operation of the 
engraving system 10. The computer 18 is coupled to an 
engraving head control system 20 for controlling the opera 
tion of both a ?rst engraving head 22 having a stylus 22a 
mounted on a ?rst carriage 50 and a second engraving head 
24 having a stylus 24a mounted on a second carriage such 
that the ?rst and second engraving heads 22 and 24 engrave 
the ?rst and second patterns of engraved areas 12 and 14 
(FIG. 7), respectively, in the manner described herein. The 
components of the engraving head control system 20 (FIG. 
1) Will be described later herein relative to FIGS. 5 and 6. 
A cylinder driver 26 for rotatably driving the cylinder 16 

such that the rotational movement of the cylinder 16 de?nes 
a cylinder variable or factor, such as a cylinder rate or 
position, Which is responsive to a cylinder drive signal from 
computer 18 and a speed control from a speed control 110 
(FIG. 5) of engraving head control system 20. The speed 
control 110 provides speed control feedback information for 
precisely controlling the rotational speed of cylinder 16. 

The engraving head control system 20 is also coupled to 
a drive system 28 having a ?rst engraving head driver 30 for 
driving the ?rst engraving head 22 along the surface 16a of 
cylinder 16 and parallel to an aXis of cylinder 16 (i.e., in the 
direction of double arroWAin FIG. 1) during engraving. The 
drive system 28 also comprises a second engraving head 
driver 32 Which operates independent of the ?rst engraving 
head driver 30 and Which is coupled to the second engraving 
head 24 for engraving the second pattern 14 (FIG. 7) 
de?ning the second screen. The engraving head 22 (FIG. 1) 
comprises an associated ?rst engraving head driver 20, and 
engraving head 24 comprises a second engraving head 
driver 32. 
The ?rst engraving head driver 30 and second engraving 

head driver 32 comprise ?rst driving assembly 56 and 
second drive assembly 57, respectively, of the type illus 
trated in FIG. 3. In the embodiment shoWn in FIG. 3, the 
carriages 50 and 54 are mounted on a common, non-rotating 
leadscreW 60 With each carriage 50 and 54 being indepen 
dently controllable as described later herein. In another 
embodiment, each carriage 50 and 54 are mounted on 
separately driven leadscreWs 80 and 82 as described beloW 
relative to FIG. 6. 

FIGS. 11 and 12 illustrate another embodiment of the 
drive system 28 for providing horiZontal positioning and 
velocity control for the ?rst and second engraving heads 22 
and 24. This embodiment Will be shoWn and described 
relative to engraving head 22, but it should be appreciated 
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that the same features may be provided for engraving head 
24 and carriage 54 as Well. 

In this embodiment, the drive system 28 comprises a 
guide rail 200 Which is mounted on the engraving bed 11 
(FIG. 1) to de?ne a rail 200 or linear guideWay Which is 
generally parallel to the rotational axis of cylinder 16. A 
plurality of bearing guides 202 are secured to a slider 
housing 204 and cooperate With a ?ange 206 on the rail 200 
to permit the housing 204 to slide in the direction of double 
arroW D in FIG. 11. It should be appreciated that the carriage 
50 may be mounted directly to the slider housing 204 so that 
the movement of the carriage 50 and engraving head 22 is 
directly responsive to the movement of slide housing 204. 

The movement of the slider housing 204, carriage 50 and 
engraving head 22 in the direction of double arroW D is 
controlled through a linear motor 208 comprising a motor 
coil 210 and magnet 212 Which cooperate and operate With 
respect to a motor scale 214 Which functions similar to a ?at 
motor rotor (not shoWn). The motor coil 210 is coupled 
directly to the engraving head control system 20 and is 
responsive thereto to cause bi-directional movement of 
carriage 50, based on the polarity of motor coil 210. The 
position and feedback control of the linear motor 208 is 
accomplished through the detection of the motor scale 214 
via a magnetic resolver 216 having a resolver coil and 
resolver core (both not shoWn) Which operate in a manner 
conventionally knoWn. 

It should be appreciated that the drive system 28 embodi 
ments shoWn in the various embodiments described herein 
may be utiliZed independently or in combination in order to 
provide independent controllability of the feed or sleW rate 
of the engraving heads 22 and 24 in order to provide the 
independent control of the engraving heads 22 and 24 
achieved by this invention. 

FIG. 2 illustrates another embodiment of the invention 
With like parts being labeled With the same part numbers. 
Notice in FIG. 1, that the engraving system 10 comprises a 
headstock 34 and a tailstock 36 for rotatably supporting a 
single cylinder 16 on Which both engraving heads 22 and 24 
operate. In contrast, the engraving system 10 of the embodi 
ment shoWn in FIG. 2 comprises a headstock 38, tailstock 40 
and intermediate support stock 42 situated betWeen the 
headstock 38 and tailstock 40. The support stock 42 coop 
erates With the headstock and tailstock 38 and 40 to rotatably 
support a ?rst cylinder 44 in relationship to the ?rst engrav 
ing head 22 and a second cylinder 46 in relationship to the 
second engraving head 24 so that, for example, a ?rst pattern 
12 may be engraved on a surface 44a of cylinder 44 and a 
second pattern of engraved areas 14 may be engraved on a 
surface 46a of cylinder 46. Thus, it should be appreciated 
that features of the present invention may be utiliZed With 
either a single or multiple-cylinder engraver 10. 
A feature of the present invention is that it is capable of 

simultaneously engraving multiple patterns of engraved 
areas de?ning different screen rulings, such as the screens 
illustrated in FIG. 7, While the cylinder 16 (FIG. 1) or 
cylinders 44 and 46 (FIG. 2) are rotating along a common 
axis at substantially the same rotational speed. Another 
feature of this invention is that the drive system 28 is capable 
of independently driving the engraving heads 22 and 24 
horiZontally relative to the cylinder 16 (FIG. 1) or cylinders 
44 and 46 (FIG. 2). This feature Will noW be described 
relative to FIGS. 3—7. For ease of illustration, the drive 
system 28 Will be described relative to the embodiment 
illustrated in FIG. 1, but it should be appreciated that the 
same features are utiliZed With the embodiment shoWn in 
FIG. 2 as Well. 
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The ?rst and second engraving head drivers (FIG. 3) 

comprise drive assemblies 56 and 57, respectively, Which 
comprise ball nut housings 58 and 59 de?ning stanchions or 
mounting surfaces 50a and 59a, respectively, on Which the 
carriages 50 and 54 may be mounted. As shoWn in FIG. C, 
the housings 58 and 59 are mounted on a stationary lead 
screW 60. 

The drive assemblies 56 and 57 also comprise motors 62 
and 63, respectively, Which are coupled to the engraving 
head control system 20. A shaft 62a of motor 62 and a shaft 
63a of motor 63 rotatably drive spur gears 64 and 65, 
respectively. As shoWn for ease of illustration in FIG. 4, the 
spur gear 64 or drive assembly 56 drives a rotating ball nut 
assembly 66 situated inside the housing 58. Thus, as spur 
gear 64 is driven by motor shaft 62a, it rotates to cause ball 
nut housing assembly 66 to rotate about axis 60a. This, in 
turn, causes housing 50 to move either left or right (as 
vieWed in FIG. 4) depending on Which direction motor 62 
rotatably drives spur gear 64. Drive assembly 57 comprises 
substantially the same components Which operate in sub 
stantially the same Way to cause housing 59 and, 
consequently, engraving head 24 to move along leadscreW 
60. 

In the embodiment being described, the drive assemblies 
56 and 57 (FIG. 3) may each comprise means for sensing the 
rotational movement of gears 64 and 65, respectively. For 
example, housing arm 68 in housing 50 may have a prox 
imity sensor 70 Which cooperates With a target 72 mounted 
on spur gear 64 to provide a one revolution proximity. The 
drive assembly 57 may comprise a similar arrangement With 
sensor 71 mounted on an arm 73 Which cooperates With a 
target 75 to provide a one revolution proximity sensor. The 
motors 62 and 63 may also comprises encoder 74 and 77, 
respectively, Which are coupled to computer 18 and Which 
provide information as to the position of engraving heads 22 
and 24 along leadscreW 60. 

In the manner described later herein, the engraving head 
control system 20 may generate a ?rst engraving head drive 
signal for energiZing motor 62 Which, in turn, drives gear 64 
to rotatably drive the rotating ball nut assembly 66 in order 
to drive engraving head 22 axially along the stationary 
leadscreW 60. The manner of generating the ?rst engraving 
head drive signal Will be described later herein. LikeWise, 
the engraving head control system 20 may generate a second 
engraving head drive signal for energiZing motor 63 to drive 
gear 65 to move housing 59 and, consequently, engraving 
head 24 in substantially the same manner. 

In this regard, features of US. Pat. No. 5,492,057, Which 
is issued to the same assignee as the present invention and 
Which is incorporated herein by reference and made a part 
hereof, may be utiliZed. 

It should be appreciated that While the embodiments 
illustrated in FIGS. 1—4 illustrate the use of ?rst and second 
engraving head drivers 30 and 32 Which cooperate With a 
stationary leadscreW 60 to drive the ?rst and second engrav 
ing heads 22 and 24, respectively, the engraving heads 22 
and 24 may also be achieved by using driven leadscreWs, 
such as leadscreWs 80 and 82 (FIG. 6) Which are indepen 
dently coupled to and driven by a pair of stepper motors 84 
and 86, respectively. The leadscreWs 80 and 82 cooperate 
With non-rotating nuts (not shoWn) mounted underneath 
carriages 50 and 54 (FIG. 1), respectively, such that When 
the screWs 80 and 82 are rotatably driven by motors 84 and 
86, respectively, the engraving heads 22 and 24 traverse 
surface 16a of cylinder 16 in the direction of double arroW 
A in FIG. 1. 
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The engraving head control system 20 Will noW be 
described relative to FIG. 5 Wherein a signal generator 90 is 
shoWn comprising a vertical scaler 92 and a horiZontal scaler 
94. In general, the vertical scaler 92 provides scaled AC sine 
Waves for controlling movement of the stylus 22a situated 
on engraving head 22 and the tylus 24a situated on engrav 
ing head 24 in a predictable manner. The horiZontal scaler 94 
provides scaled ?rst and second engraving head drive sig 
nals for energiZing motors 62 and 63 for controlling move 
ment of engraving heads 22 and 24, respectively. 
A unique feature of this invention is that both vertical 

scaler 92 and horiZontal scaler 94 generate separate signals 
using a cylinder factor corresponding to the cylinder 16. In 
the embodiment being described, the cylinder factor may be 
a rotational velocity or speed of cylinder 16, a rotational 
position of cylinder 16 or the like. In this regard, the cylinder 
driver 26 comprises an associated encoder 26a for generat 
ing an encoder signal or cylinder factor signal 99 (FIG. 8) 
comprising a predetermined number of uniformly-spaced 
reference positions for each revolution of cylinder 16. The 
encoder 26a generates 10000 pulses per revolution in the 
embodiment being described, but it should be appreciated 
that other encoders having different outputs may be selected. 

Advantageously, each engraving head 22 and 24 is 
capable of engraving separate patterns of engraved areas 12 
and 14 Which de?ne different screens. Because the screens 
for the patterns 12 and 14 (FIG. 7) are different, the number 
of engraved areas 12a for the pattern 12 in the vertical 
direction (i.e., the vertical screen) Will be different from the 
vertical screen or number of engraved areas 14a de?ned by 
pattern 14. Advantageously, this invention provides means 
for synchroniZing the vertical screen or number of cells 
required for each revolution to the rotational position of 
cylinder 16 using the vertical scaler 92 Which Will noW be 
described. 

The vertical scaler 92 (FIG. 5) comprises a ?rst vertical 
scaler or phase lock 96 Which is coupled to a ?rst sine Wave 
generator 98 as shoWn. The output of the ?rst sine Wave 
generator 98 is fed to a summing junction 100 Which also 
receives a ?rst video signal VS1 (FIG. 8) corresponding to 
a ?rst image (not shoWn) to be engraved from computer 18. 
The summary junction 100 sums the signals and outputs a 
?rst engraving signal ES1 (FIG. 8) to engraving head 22 in 
a conventional manner so as to cause stylus 22a to engrave 

surface 16a of cylinder 16 With the ?rst pattern of engraved 
areas 12 (FIG. 7) de?ning the ?rst screen. The ?rst vertical 
phase lock 96 receives as its input the output from encoder 
26a and a ?rst vertical scaling factor corresponding to the 
?rst screen. In the embodiment being described, the ?rst 
vertical scaling factor may be loaded by computer 18 in 
response to screen variables corresponding to the ?rst screen 
as input by a user. The components of the screen variables 
are described later herein. 

The vertical scaler 92 further comprises a second vertical 
scaler or phase lock 104 Which is coupled to a second sine 
Wave generator 106 and Which generates a sine Wave Which 
is fed to a second summing junction 108. The second 
summing junction receives a second video signal VS2 (FIG. 
8) corresponding to a second image to be engraved (not 
shoWn) from computer 18. The output of the summing 
junction 108 Will be a second engraving signal ES2 Which is 
fed to engraving head 24 to cause stylus 24a to engrave the 
pattern of engraved areas 14 to de?ne the second screen. 

As With the ?rst vertical scaler 96, the second vertical 
scaler 104 receives as its input the cylinder factor signal 99 
(FIG. 8) from encoder 26a and a second vertical scaling 
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8 
factor from computer 18 Which generates the second vertical 
scaling factor in response to screen variables corresponding 
to the second screen as input by the user. 
The ?rst and second vertical scalers 96 and 104 generate 

a ?rst scaled signal and a second scaled signal 103 in 
response to the cylinder factor signal 99 received from 
encoder 26a and the ?rst vertical scaling factor and second 
vertical scaling factor, respectively, generated by computer 
18. The ?rst and second scaled signals 101 and 103 are 
received by the sine Wave generators 98 and 106, 
respectively, and a ?rst sine Wave 108 (FIG. 8) and second 
sine Wave 109 (FIG. 8), respectively, are generated in 
response thereto. 
As mentioned earlier herein the output of the sine Wave 

generators 98 and 106 (i.e., the sine Waves 108 and 110 in 
FIG. 8) are fed into the summing junctions 100 and 108, 
respectively, and summed With the video signals VS1 and 
VS2 to generate the ?rst engraving head drive signal 105 for 
energiZing the ?rst engraving head 22 and a second engrav 
ing head drive signal 107 for energiZing the second engrav 
ing head 24. 

In the embodiment being described, the computer 18 
generates the ?rst vertical scaling factor and second vertical 
scaling factor for use by phase locks 96 and 104, 
respectively, using the folloWing equation: 

CX (Desired cells/rev for screen being engraved) 

RPR 
VSF : 

Where RPR=reference positions per revolution (from 
encoder 26a) 
VSF=Vertical scaling factor 1 
C=Is a constant to alloW integer math to be used (160 

in the eXamples) 
It should be appreciated that the user inputs the screen 

variables, such as screen angle SA and screen ruling SR, into 
computer 18 Which, in turn, generates the ?rst and second 
vertical scaling factors for use by the ?rst and second 
vertical scalers 96 and 104, respectively. Alternatively, the 
user may determine and input the ?rst and second vertical 
scaling factors directly into the ?rst and second vertical 
scalers 96 and 104, respectively. 

In the embodiment being described, the ?rst and second 
scalers 96 and 104 generate the ?rst and second scaled 
signals 101 and 103 or output clocks Which scale or syn 
chroniZe the frequency of engraving heads 22 and 24 to the 
output of encoder 26a. This ensures that the correct vertical 
screen (or number of engraved areas for each vertical 
column of engraved areas) are engraved during each revo 
lution of the cylinder 16 even if the cylinder speed is 
varying. 

In the embodiment being described, the ?rst and second 
vertical scalers 96 and 104 generate the clocked output ?rst 
and second scaling signals 101 and 103 of 160 times for each 
pulse generated by encoder 26a. It should be appreciated 
that the ?rst and second vertical scalers 96 and 104 may be 
selected to have a different output clock rate depending on 
the output frequency of the encoder 26a being used. In the 
embodiment being described, it is desirable to have the 
engraving head 22 operate at a frequency of about 4500 HZ, 
and this frequency is used to regulate rotational speed via a 
speed control 110 Which Will noW be described. 
The engraving system 10 further comprises a speed 

control 110 Which receives the output from sine Wave 
generator 98 and a desired speed from computer 18 to 
provide closed loop feedback control for varying the speed 
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of rotation of cylinder 16 such that the ?rst sine Wave 
generator 98 Will ultimately generate approximately a 4500 
HZ signal, thereby further facilitating causing the engraving 
head 22 to engrave at the desired frequency. In this 
embodiment, the engraving head 24 may operate at a dif 
ferent frequency. 

The user may independently or selectively change the 
horiZontal screen for the engraving heads, regardless of 
Whether the vertical screen for each head is different. The 
apparatus associated With this feature Will noW be described. 

The signal generator 90 comprises the horiZontal scaler 94 
Which may be selectively used either independently or 
simultaneously With vertical scaler 92. The horiZontal scaler 
94 comprises a ?rst horiZontal scaler or phase lock 112 and 
second horiZontal scaler or phase lock 114 Which generate 
the ?rst engraving head drive signal 105 and the second 
engraving head drive signal 107, respectively. The ?rst and 
second engraving head drive signals 105 and 107 are 
received by motors 62 and 63, respectively, Which cause 
their respective engraving heads 22 or 24 to be driven along 
leadscreW 60 in the manner described earlier herein. This 
facilitates independent control of the horiZontal movement 
of engraving heads 22 and 24 so as to facilitate engraving the 
?rst and second patterns of engraved areas 12 and 14, 
respectively, de?ning different screens. In general, the 
engraving head control system 20 utiliZes the cylinder factor 
signal 99 from encoder 26a to synchroniZe movement of the 
engraving heads 22 and 24 in response to a ?rst horiZontal 
scaling factor and a second horiZontal scaling factor Which 
are either generated by or received by computer 18. Thus, 
note that the ?rst horiZontal scaler 112 and second horiZontal 
scaler 114 receive the output from encoder 26a as Well as the 
?rst horiZontal scaling factor and the second horiZontal 
scaling factor, respectively. The ?rst and second horiZontal 
scaling factors are received from computer 18 and corre 
spond or correlate to the screen variables, such as screen 
angle and screen ruling, selected by the user. Computer 18 
determines the ?rst and second horiZontal scaling factors 
using the folloWing equation: 

Where RPR=reference positions per revolution as repre 
sented by the cylinder factor signal 99 from encoder 
26a 
C=Constant to alloW integer math 
HSF=HoriZontal screen factor 
HPR=HoriZontal pulses per revolution into the servo 

system. In this example, 1 pulse moves the head ~1 
micron horiZontally. 

# of pulses per rev of servo motor* gear reduction 
HPR : 

pitch of ballscreW (microns/rev) 

[horiz spacing of screen] 2 

In general, based upon the screen variables selected by the 
user, computer 18 also calculates a predetermined feed 
distance PFD required to move each engraving head 22 and 
24 horiZontally for each revolution of cylinder 16. The 
predetermined feed distance PFD corresponds to the hori 
Zontal feed or sleW rate per revolution of cylinder 16. 
Computer 18 determines the ?rst and second horiZontal 
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10 
scaling factors Which are provided to the ?rst and second 
horiZontal scalers 112 and 114 so that for each revolution, 
the correct number of step pulses is generated by the ?rst and 
second horiZontal scalers 112 and 114, respectively, to 
energiZe drive motors 62 and 63, respectively. 

Because the screen variables, such as the screen angle and 
screen ruling, selected by the user for the engraving heads 22 
and 24 are different, the distance each engraving head 22 and 
24 is driven horiZontally during each rotation Will be dif 
ferent. The determination of the predetermined horiZontal 
feed distance PFD is determined by the folloWing equations: 

HS 
PFD : — 

2 

Where=PFD is the predetermined feed distance HS is the 
horiZontal spacing for the screen being engraved 

Advantageously, this system provides means for engrav 
ing a plurality of patterns of engraved areas 12 and 14 
de?ning different screen rulings using multiple engraving 
heads 22 and 24, despite the fact that the engraving heads 22 
and 24 engraved While the rotational speed of the cylinder 16 
(FIG. 1) or cylinders 44 and 46 (FIG. 2) is the same. 

FIG. 6 illustrates another embodiment of the invention 
shoWing the plurality of leadscreWs 80 and 82 Which are 
independently driven by leadscreW drive motors 84 and 86, 
respectively, and Which cooperate With non-rotating nuts 
(not shoWn) mounted underneath carriages 50 and 54, 
respectively, so that the engraving heads 22 and 24 can be 
independently and selectively driven horiZontally across the 
surface 16a of cylinder 16 in the direction of double arroW 
A (FIG. 1). In this regard, features of US. Pat. No. 5,492, 
057, Which is issued to the same assignee as the present 
invention and Which is incorporated herein by reference and 
made a part hereof, may be utiliZed. The features of the 
engraving head control system 20 as shoWn and described 
above relative to FIG. 5 may also be utiliZed to control the 
operation of the leadscreW drive motors 84 and 86 to drive 
engraving heads 22 and 24 to engrave the plurality ?rst and 
second patterns of engraved areas 12 and 14. 
The features of the embodiments shoWn in FIGS. 5 and 6 

may also be utiliZed With an engraving system Which 
engraves multiple cylinders, such as cylinders 44 and 46 in 
FIG. 2. The cylinders 44 and 46 are rotatably mounted using 
the stocks 38, 40 and 42 so that the cylinders 44 and 46 are 
rotatably positioned in operative relationship With the ?rst 
and second engraving heads 22 and 24, respectively. The 
features of the invention described relative to FIGS. 5 and 6 
may be utiliZed to control the operation and/or movement of 
the ?rst and second engraving heads 22 and 24 in order to 
engrave patterns of engraved areas de?ning differing screen 
rulings in the manner described earlier herein. 

It should be appreciated that various combinations of 
features and other embodiments are contemplated by the 
apparatus of the present invention. For eXample, multiple 
engraving heads 22 and 24 could be positioned on carriages 
50 and 54 in either the embodiment shoWn in FIG. 1 or FIG. 
2 so that the engraving system 10 can engrave multiple 
patterns having differing screens on either a single cylinder, 
such as cylinder 16 (FIG. 1), or multiple cylinders, such as 
cylinders 44 and 46 (FIG. 2). Multiple engraving areas 
de?ning different screens may also be engraved on the same 
cylinder in the single or dual-cylinder system. 

Advantageously, this invention provides a system and 
method by Which either one cylinder or a plurality of 
cylinders Which are located on a common rotational aXis and 
Which are driven at the same speed can be engraved using 
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differing engraving screens by, for example, varying the 
frequency of operation of engraving head 22 and/or engrav 
ing head 24 and/or independently controlling the horiZontal 
velocity or sleW rate of the carriages 50 and 54 (FIG. 1) upon 
Which the engraving heads 22 and 24, respectively, are 
mounted. The methodology for utiliZing the features of the 
invention as described herein Will noW be described. 

FIG. 10 illustrates a screen EH-1 de?ned by engraved 
areas 201 engraved using engraving head 22. A screen EH-2 
is also shoWn as de?ned by engraved areas 203 engraved 
using engraving head 24. Notice that the horiZontal Width 
HW-1 and vertical dimension VH-1 for screen EH-1 are 
different than the horiZontal Width HW-2 and vertical dimen 
sion H-2 for screen EH-2. This variability of both vertical 
and horiZontal revolutions facilitates changing the screen 
angle and screen. Alternatively, it is possible to keep the 
screen and/or density of engraved areas engraved by heads 
22 and 24 the same While changing the screen angle by 
altering or changing the horiZontal Width HW-1 or HW-2. 

For ease of illustration, the method Will be described 
relative to the embodiment shoWn in FIG. 1 Where an 
operator rotatably mounts the cylinder 16 betWeen the 
headstock 34 and tailstock 36. The ?rst engraving head 22 
and second engraving head 24 are situated in operative 
relationship With the surface 16a of the cylinder 16. In this 
regard, the engraving system 10 may include drivers (not 
shoWn) mounted on carriages 50 and 54 of the type con 
ventionally knoWn for moving the engraving heads 22 and 
24 toWards and aWay from the surface 16a of cylinder 16. 

The cylinder factor signal 99 (FIG. 8) corresponding to 
cylinder position or cylinder speed is generated by encoder 
26a (FIG. 5). In the embodiment being described, the 
cylinder factor signal 99 corresponds to the rotational posi 
tion of cylinder 16. The ?rst and second engraving heads 22 
and 24 are synchroniZed to the cylinder factor signal 99 
using the ?rst and second vertical scalers 96 and 104 (FIG. 
5), as mentioned earlier herein. 

The ?rst and second scaling factors mentioned earlier 
herein are determined or calculated by computer 18 (FIG. 1) 
and fed into the ?rst vertical 96 (FIGS. 5 and 6) and second 
vertical scaler 104, respectively, along With the cylinder 
factor signal 99 (FIG. 8). As mentioned earlier herein, the 
?rst and second scaling factors are determined for each 
pattern of engraved areas using the aforementioned Equa 
tions and in response to the screen variables, such as screen 
angle and screen ruling, Which are de?ned by the user. 

The ?rst vertical scaler 96 (FIGS. 5 and 6) uses the ?rst 
scaling factor to generate the ?rst scaled signal 101 (FIG. 8) 
for use in generating the ?rst engraving signal ES1 for 
energiZing the ?rst engraving head 22 to engrave the ?rst 
pattern of engraved areas 12. Substantially simultaneously 
thereWith, the second vertical scaler 104 generates the 
second scaled signal 103 Which is used to generate the 
second engraving signal ES2 for energiZing the second 
engraving head 24. 
At the same time or independently from the vertical 

scaling, the engraving head control system 20 may indepen 
dently or simultaneously control the horiZontal movement of 
engraving heads 22 and 24 using the horiZontal scaler 94. As 
mentioned earlier herein, the ?rst horiZontal scaling factor 
and second horiZontal scaling factor corresponding to the 
?rst screen and second screen, respectively, are determined 
by computer 18 and/or provided by a user in accordance 
With the aforementioned Equations. For eXample, the com 
puter 18 may generate the ?rst and second horiZontal scaling 
factors in response to the screen variables, such as screen 
ruling and screen angle, input into computer 18 by the user. 
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The ?rst and second horiZontal scalers 112 and 114 receive 
their respective ?rst and second horiZontal scaling factors 
and generate the ?rst engraving head drive signal 105 (FIG. 
8) and second engraving head drive signal 107, respectively, 
in response thereto. The engraving head control system 20 
utiliZes the ?rst and second engraving head drive signals 105 
and 107 to energiZe drive motors 62 and 63 (FIG. 3) to effect 
independent and horiZontal movement (i.e., in a direction 
generally parallel to the aXis of rotation of cylinder 16) of 
engraving heads 22 and 24 as mentioned earlier herein. 
As Was also mentioned earlier herein, the encoder 26a 

(FIG. 5) provides a sensed measurement of the cylinder 
factor in the embodiment noW being described, Which is the 
rotational position of cylinder 16. The ?rst and second 
horiZontal scalers 112 and 114 synchroniZe the movement of 
engraving heads 22 and 24 to the rotation of cylinder 16 
Which simultaneously accounts for the differing screen 
variables, such as screen angle and screen ruling, corre 
sponding to the patterns 12 and 14 (FIG. 7). 

Advantageously, this system and method provide means 
for engraving differing screens on the same or on multiple 
cylinders While the cylinder or cylinders rotate at the same 
rotational speed. The system and method effectively enables 
the user to synchroniZe the frequency and engraving of the 
engraving heads 22 and 24 to the rotation of the cylinder 16. 
While the method and apparatus have been described as 
utiliZing both vertical adjustment and horiZontal control, it 
should be appreciated that these features may be selectively 
used either together or independently on either a single or 
multi-cylinder engraver. This enables the engraving heads 
22 and 24 to engrave differing vertical screens Within their 
respective engraving channels and different horiZontal 
screens as the engraving heads 22 and 24 are independently 
moved at different predetermined feed rates as desired. Also, 
While the engraving heads 22 and 24 may be moved at 
substantially the same rate, the system and method of the 
present invention facilitate selectively engraving differing 
vertical screens Within a channel or line of engraved areas on 
the same cylinder in the manner described herein. Thus, the 
user may select either vertical screen adjustment, horiZontal 
screen adjustment or simultaneous vertical and horiZontal 
adjustment to effect engraving differing patterns of engraved 
areas de?ning differing screens on either a single or multi 
cylinder engraver. 

In this regard, the screened patterns 12 and 14 shoWn in 
FIG. 7 are illustrative only and it should be appreciated that 
other patterns de?ning other screens may be engraved. For 
eXample, non-screened or intaglio engraved areas may be 
engraved With one head, While screened areas are engraved 
on another head. Moreover, a helical pattern could be 
engraved With one head While a stepover pattern is engraved 
With another. Because the heads are independently 
controllable, the invention provides means for engraving 
patterns having a constant density using the same screen 
While the screen angle changes. 

While the methods herein described, and the forms of 
apparatus for carrying these methods into effect, constitute 
preferred embodiments of this invention, it is to be under 
stood that the invention is not limited to these precise 
methods and forms of apparatus. Thus changes may be made 
in either Without departing from the scope of the invention, 
Which is de?ned in the appended claims. 
What is claimed is: 
1. An engraving head control system for independently 

controlling the operation of each a plurality of engraving 
heads on an engraver such that said engraving heads can 
engrave a plurality of patterns, respectively, of engraved 
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areas de?ning different horizontal screen Widths on at least 
one cylinder rotatably mounted on said engraver, said 
engraving head control system comprising: 

a signal generator for generating a plurality of engraving 
head signals for energiZing said plurality of engraving 
heads to engrave said plurality of patterns. 

2. The engraving head control system as recited in claim 
1 Wherein said signal generator generates said plurality of 
engraving head signals in response to a cylinder factor, said 
engraving head control system further comprising: 

a sensor for sensing said cylinder factor and for generat 
ing a cylinder factor signal in response thereto; 

a scaler coupled to said sensor for receiving said cylinder 
factor signal and for scaling said cylinder factor signal 
to provide a plurality of scaled signals for generating 
said plurality of engraving signals. 

3. The engraving head control system as recited in claim 
2 Wherein said scaler comprises: 

a plurality of vertical scalers for receiving said cylinder 
factor signal and a plurality of vertical scaling factors 
corresponding to said plurality of patterns and for 
generating a plurality of scaled signals, respectively, in 
response thereto; 

a plurality of Waveform generators coupled to said plu 
rality of vertical scalers, respectively, for receiving said 
plurality of vertical scaling factors and for generating a 
plurality of Waveforms in response thereto. 

4. The engraving head control system as recited in claim 
3 Wherein said plurality of vertical scalers comprises a 
plurality of phase locks coupled to said plurality of Wave 
form generators, respectively. 

5. The engraving head control system as recited in claim 
3 Wherein said plurality of patterns de?ne at least a ?rst 
engraving screen and a second engraving screen; said plu 
rality of vertical scaling factors comprise a ?rst scaling 
factor associated With said ?rst engraving screen and a 
second scaling factor associated With said second engraving 
screen, 

Wherein said ?rst scaling factor is larger than said second 
scaling factor. 

6. The engraving head control system as recited in claim 
3 Wherein said plurality of patterns de?ne a ?rst engraving 
screen and a second engraving screen; said plurality of 
scaling factors comprise a ?rst scaling factor associated With 
said ?rst engraving screen and a second scaling factor 
associated With said second engraving screen, 

Wherein said plurality of scaled signals comprise a ?rst 
scaled signal Which is a multiple of said cylinder factor 
and a second scaled signal Which is also a multiple of 
said cylinder factor. 

7. The engraving head control system as recited in claim 
2 Wherein said engraver comprises a cylinder driver for 
rotatably driving said cylinder at a rotational speed, said 
cylinder factor corresponding to said rotational speed; 

said cylinder driver comprising an encoder associated 
thereWith for generating a predetermined number of 
pulses per revolution of said cylinder; 

said plurality of scaling factors comprising a ?rst scaling 
factor associated With said ?rst engraving screen and a 
second scaling factor associated With said second 
engraving screen; 

Wherein said ?rst and second scaling factors are each a 
multiple of said predetermined number of pulses. 
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8. The engraving head control system as recited in claim 

3 Wherein each of said plurality of vertical scaling factors 
comprise a multiplier determined by the folloWing equation: 

CX (Desired cells/rev for screen being engraved) 

RPR 
VSF : 

Where RPR=reference positions per revolution 
VSF=Vertical scaling factor 
C=A constant to alloW integer math. 

9. The engraving head control system as recited in claim 
2 Wherein said plurality of engraving heads are coupled to a 
plurality of engraving head drivers, respectively, for driving 
said plurality of engraving heads a plurality of predeter 
mined feed rates during engraving, said scaler further com 
prising: 

a plurality of horiZontal scalers coupled to said plurality 
of engraving head drivers for receiving said cylinder 
factor signal and a plurality of horiZontal scaling fac 
tors corresponding to said plurality of patterns, 
respectively, and for energiZing said plurality of 
engraving head drivers to drive said plurality of engrav 
ing heads in response thereto in order to engrave said 
plurality of patterns. 

10. The engraving head control system as recited in claim 
9 Wherein each of said scaling factors are determined by the 
folloWing: 

Where RPR=reference positions per revolution 
C=Constant to alloW integer math 
HSF=HoriZontal screen factor 
HPR=HoriZontal pulses per revolution 

# of pulses per rev of servo motor* gear reduction 
HPR : 

pitch of ballscreW (microns/rev) 

[horiz spacing of screen] 2 

11. The engraving head control system as recited in claim 
9 Wherein at least one of said plurality of predetermined feed 
distances is determined by the folloWing equation: 

Where=PFD is the predetermined feed distance HS is the 
horiZontal spacing for the screen being engraved. 

12. The engraving head control system as recited in claim 
9 Wherein said plurality of horiZontal scalers comprises a 
plurality of phase locks coupled to said plurality of drivers. 

13. The engraving head control system as recited in claim 
11 Wherein said engraving head control system comprises an 
encoder coupled to a cylinder driver for driving said 
cylinder, said encoder generating said reference positions in 
the form of a plurality of pulses for each revolution of said 
cylinder. 

14. The engraving head control system as recited in claim 
1 Wherein said cylinder factor corresponds to a rotational 
speed of said cylinder. 
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15. The engraving head control system as recited in claim 
1 Wherein said cylinder factor corresponds to a rotational 
position of said cylinder. 

16. An engraving system for engraving a ?rst screen 
pattern of engraved areas de?ning a ?rst angle and a second 
pattern of engraved areas de?ning a second screen angle; 
Wherein said ?rst and second engraved areas de?ne different 
screen Widths said engraver comprising: 

a computer for controlling the operation of the engraver; 
a cylinder support situated on said engraver for rotatably 

supporting at least one cylinder on said engraver; 

a cylinder driver coupled to said computer for rotatably 
driving said at least one cylinder; 

a ?rst engraving head for engraving said ?rst pattern of 
engraved areas de?ning said ?rst screen angle; 

a second engraving head for engraving said second pat 
tern of engraved areas de?ning said second screen 
angle, Wherein a ?rst screen Width de?ned by said ?rst 
screen angle and a second screen Width de?ned by said 
second screen angle are different; 

a drive system for independently driving said ?rst and 
second engraving heads across a surface of said at least 
one cylinder in order to engrave said ?rst and second 
pattern of engraved areas on said at least one cylinder; 
and 

an engraving head control coupled to said computer, said 
?rst and second engraving heads, said cylinder driver 
and said drive system for independently controlling the 
operation of said ?rst and second engraving heads such 
that said ?rst and second engraving heads engrave said 
?rst and second pattern of engraved areas on said at 
least one cylinder. 

17. The engraving system as recited in claim 16 Wherein 
said engraving head control further comprises: 

a signal generator for generating a plurality of engraving 
head signals for energiZing said ?rst and second 
engraving heads to engrave said ?rst and second pat 
terns of engraved areas, respectively, in response to a 
cylinder factor. 

18. The engraving system as recited in claim 16 Wherein 
said signal generator further comprises: 

a sensor for sensing said cylinder factor and for generat 
ing a cylinder factor signal in response thereto; 

a scaler coupled to said sensor for receiving said cylinder 
factor signal and for scaling said cylinder factor signal 
to provide a ?rst scaled signal and a second scaled 
signal and also for using said ?rst and second scaled 
signals to generate a ?rst engraving signal and a second 
engraving signal, respectively, for energiZing said ?rst 
and second engraving heads. 

19. The engraving system as recited in claim 18 Wherein 
said scaler comprises: 

a ?rst vertical scaler for receiving said cylinder factor 
signal and a ?rst vertical scaling factor corresponding 
to said ?rst screen and for generating said ?rst scaled 
signal in response thereto and a second scaling factor 
for receiving said cylinder factor signal and a second 
vertical scaling factor corresponding to said second 
screen and for generating said second scaled signal in 
response thereto. 

20. The engraving system as recited in claim 19 Wherein 
said engraving head control further comprises: 

a ?rst Waveform generator and a second Waveform gen 
erator coupled to said ?rst and second vertical scalers, 
respectively, for receiving said ?rst and second vertical 
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scaling factors and for generating a ?rst Waveform and 
a second Waveform, respectively, in response thereto. 

21. The engraving system as recited in claim 19 Wherein 
said ?rst and second vertical scalers each comprise a phase 
lock. 

22. The engraving system as recited in claim 19 Wherein 
said ?rst vertical scaling factor is larger than said second 
vertical scaling factor. 

23. The engraving system as recited in claim 19 Wherein 
said ?rst and second vertical scaling factors are directly 
proportional to said cylinder factor. 

24. The engraving system as recited in claim 17 Wherein 
said cylinder driver comprises an encoder for generating a 
predetermined number of pulses per revolution of said 
cylinder Which de?nes said cylinder factor; 

Wherein said ?rst and second scaling factors comprise a 
multiple of said predetermined number of pulses. 

25. The engraving system as recited in claim 24 Wherein 
said multiple is determined by the folloWing equation: 

CX (Desired cells/rev for screen being engraved) 

RPR 
VSF : 

Where RPR=reference positions per revolution 
VSF=Vertical scaling factor 
C=A constant to alloW integer math. 

26. The engraving system as recited in claim 16 Wherein 
said drive system further comprises a ?rst engraving head 
driver associated With said ?rst engraving head for driving 
said ?rst engraving head a ?rst predetermined feed distance 
and a second engraving head driver associated With said 
second engraving head for driving said second engraving 
head a second predetermined feed distance, said engraving 
head control further comprising: 

a ?rst horiZontal scaler coupled to said ?rst engraving 
head driver and a second horiZontal scaler coupled to 
said second engraving head driver; 

said ?rst horiZontal scaler being capable of receiving a 
cylinder factor and a ?rst horiZontal scaling factor 
corresponding to said ?rst screen and also for gener 
ating a ?rst engraving head drive signal in response 
thereto; 

said second horiZontal scaler being capable of receiving 
said cylinder factor and a second horiZontal scaling 
factor corresponding to said second screen and gener 
ating a second engraving head drive signal in response 
thereto. 

27. The engraving system as recited in claim 16 Wherein 
said drive system further comprises: 

at least one linear motor for driving at least one of said 
?rst engraving head or second engraving head in 
response to said engraving head control. 

28. The engraving system as recited in claim 18 Wherein 
said engraving system further comprises: 

a ?rst engraving head driver associated With said ?rst 
engraving head for driving said ?rst engraving head a 
?rst predetermined feed distance and a second engrav 
ing head driver associated With said second engraving 
head for driving said second engraving head at a second 
predetermined feed distance, said engraving head con 
trol further comprising: 
a ?rst horiZontal scaler coupled to said ?rst engraving 

head driver and a second horiZontal scaler coupled to 
said second engraving head driver; 

said ?rst horiZontal scaler being capable of receiving 
said cylinder factor and a ?rst horiZontal scaling 
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factor corresponding to said ?rst screen and also for 
generating a ?rst engraving head drive signal in 
response thereto; 

said second horizontal scaler being capable of receiving 
said cylinder factor and a second horiZontal scaling 
factor corresponding to said second screen and also 
for generating a second engraving head drive signal 
in response thereto. 

29. The engraving system as recited in claim 26 Wherein 
said ?rst and second scaling factors are determined using the 
folloWing equation: 

Where RPR=reference positions per revolution 
C=Constant to alloW integer rnath 
HSF=HoriZontal screen factor 
HPR=HoriZontal pulses per revolution 

# of pulses per rev of servo rnotor>l< gear reduction 
HPR : 

pitch of ballscreW (microns/rev) 

[horiz spacing of screen] 2 

30. The engraving system as recited in claim 26 Wherein 
said ?rst and second predetermined feed distances are deter 
mined by the folloWing equation: 

HS 
PFD : — 

2 

Where=PFD is the predetermined feed distance HS is the 
horiZontal spacing for the screen being engraved. 

31. The engraving system as recited in claim 28 Wherein 
said ?rst and second scaling factors are determined using the 
folloWing equation: 

RPR * C 
HSF = 

HPR 

Where RPR=reference positions per revolution 
C=Constant to alloW integer rnath 
HSF=HoriZontal screen factor 
HPR=HoriZontal pulses per revolution 

# of pulses per rev of servo rnotor>l< gear reduction 
HPR : 

pitch of ballscreW (microns/rev) 

[horiz spacing of screen] 2 

32. The engraving system as recited in claim 28 Wherein 
said ?rst and second predetermined feed distances are deter 
mined by the folloWing equation: 

HS 
PFD : — 

2 

Where=PFD is the predetermined feed distance HS is the 
horiZontal spacing for the screen being engraved. 
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33. The engraving system as recited in claim 26 Wherein 

said ?rst and second horiZontal scalers each comprise a 
phase lock. 

34. The engraving system as recited in claim 16 Wherein 
5 said drive system comprises: 

a ?rst engraving head driver coupled to said computer and 
said ?rst engraving head for driving said ?rst engraving 
head a ?rst predeterrnined feed distance in order to 
engrave said ?rst pattern of engraved areas and a 
second engraving head driver coupled to said computer 
and said second engraving head for independently 
driving said second engraving head a second predeter 
rnined feed distance in order to engrave said second 
pattern of engraved areas. 

35. The engraving system as recited in claim 34 Wherein 
said ?rst and second predetermined feed distances are deter 
mined in accordance With the folloWing equation: 

10 

PFD HS 
20 _ T 

Where=PFD is the predetermined feed distance HS is the 
horiZontal spacing for the screen being engraved. 

36. The engraving system as recited in claim 35 Wherein 
said rnultiplier is determined by the folloWing equation: 

RPR * C 
HSF : 

HPR 
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Where RPR=reference positions per revolution 
C=Constant to alloW integer rnath 
HSF=HoriZontal screen factor 
HPR=HoriZontal pulses per revolution. 
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# of pulses per rev of servo rnotor>l< gear reduction 
HPR : 

pitch of ballscreW (microns/rev) 

40 [horiz spacing of screen] 2 

37. The engraving system as recited in claim 16 Wherein 
said at least one cylinder comprises a single cylinder, said 
cylinder support further comprising: 

a headstock and a tailstock for rotatably supporting a 
cylinder so that said ?rst pattern of engraved areas and 
said at least one second pattern of engraved areas may 
be engraved on a surface of said single cylinder. 

38. The engraving system as recited in claim 16 Wherein 
said at least one cylinder comprises a ?rst cylinder and a 
second cylinder, said cylinder support further comprising: 

a plurality of stocks cooperating to rotatably support a 
55 ?rst cylinder in relationship to said ?rst engraving head 

and a second cylinder in relationship to said second 
engraving head so that said ?rst pattern of engraved 
areas may be engraved on a surface of said ?rst cylinder 
by said ?rst engraving head and said at least one second 
pattern of engraved areas may be engraved on a surface 
of said second cylinder by said second engraving head. 

39. The engraving system as recited in claim 17 Wherein 
said cylinder factor corresponds to a rotational speed of said 
cylinder. 

40. The engraving system as recited in claim 17 Wherein 
said cylinder factor corresponds to a rotational position of 
said cylinder. 
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